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Superfluid 3He?

»WN

. Fermions, so no BEC

--> Cooper pairs as in superconductors?
Hard core repulsion
P-wave pairing, S=1 and L=1

. Order parameter describing S, L, A, ¢




Outline

1.

Vortices in the polar phase

Kibble-Zurek mechanism with drive
and bias

From HPD to interacting time crystals

2. Hard core repulsion
3.
4, Order parameter describing S, L, A, ¢

Fermions, so no BEC
--> Cooper pairs as in superconductors?

P-wave pairing, S=1 and L=1




Quantised Vortex?

. . . h
Order parameter v =¥le'* , superfluid velocity v,=,;v¢ Ve
No rotatiton: #I>0=Vxv,=0  however,
circulation is allowed via vortices.

w — @+ 2w

. . . . 2mh
Circulation is quantised j v dr =K=— - y

Core size ~ coherence length ¢

Volovik in 1976: half-quantum vortices exist! : >
- but attempts to resolve in the A phase failed 0 ~¢ r

|W| — 0: singular vortex



Polar phase

1. Fermions, so no BEC
--> Cooper pairs as in superconductors?
2. Hard core repulsion
3. P-wave pairing, S=1 and L=1
4, Order parameter describing S, L, A, ¢

Polar phase

Additional phases in restricted geometries
--> polar phase in 2015

Nafen



Polar phase

P (bar)

1. Fermions, so no BEC 0
--> Cooper pairs as in superconductors?

2. Hard core repulsion

3. P-wave pairing, S=1 and L=1 0

4, Order parameter describing S, L, A, ¢ (b) %
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Additional phases in restricted geometries
--> polar phase in 2015 2
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Dmitriev et al, PRL115, 165304 (2015)



R e
__________________________.__________.._______________________________________

Half-quantum vortex




Half-quantum vortex

Single-quantum  Half-quantum




Half-quantum vortex
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Double-core vortex in B phase

Kondo et al, PRL 67, 81 (1991)

TWISTED CORE
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Half-quantum vortex
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PRL 117, 255301 (2016)
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Kibble-Zurek mechanism

Vortex formation rate N depends on p,

T, H, ¢n, vn = QR and vs = kN/27R
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Kibble-Zurek combined with drive

PRL 127, 115702 (2021)

Isar = \/I%(Z T I(%Q

elo(r.t)
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!
linear defect will form

Apply:
* Rotation drive + weak KZ

* Rotation drive + large KZ



Kibble-Zurek suppressed with bias
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Half-quantum vortex in the PdA phase

d- soliton HEo d

‘ Fermi sphere
fnode points
\ f_ s.f. gap
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Half-quantum vortex in the PdB phase
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Cosmology: Walls bounded by strings, HQV's prohibited, but survive!
Kihble, Lazarides & Shafi, PRD 26 (1982) :
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Single-quantum vortex?

Single-quantum  Half-quantum




Single-quantum vortex?

Single-quantum  Half-quantum

HPD relaxation, SQVs
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Double-core vortex detected with HPD

Twisting is observed as decrease of vortex contribution to the relaxation rate of magnon BEC.

Kondo et al. PRL 67, 81 (1991)
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Single-quantum vortex?

Single-quantum  Half-quantum
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Kibble-Zurek suppressed with bias

PRL 127, 115702 (2021)
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Trapped magnon BEC
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Trapped magnon BEC

quartz cell @6 mm  3He-B
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Time Crystal?

Time crystals:
E.7 S.14 (1976)



Time Crystal?

Time crystals:
E.7 S.14 (1976)

F. Wilczekin PRL 109,160401 (2012)



Time Crystal?

Time crystals:
E.7 S.14 (1976)

J. Davis J. Pollanen

F. Wilczekin PRL 109,160401 (2012)



Time Crystal?

* Phase of matter in repeating periodic
motion

e Spontaneous period

e Cannot be observed in equilibrium
(perpetual motion machine)

Time crystals:
E.7 S.14 (1976)

---> pumped / quasi-equilibrium many-body
systems if observable

F. Wilczekin PRL 109,160401 (2012)



Time quasicrystal and continuous time crystal
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Time crystal two-level system

Nature M 20, 171-174 (2021)
Nature Comms 13, 3090 (2022)




HPD, Magnon BEC or Time Crystal?

Nature M 20, 171-174 (2021)
Nature Comms 13, 3090 (2022)
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Thank you
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Kondo et al, PRL 67, 81 (1991)

Bound pair of HQVs, distance &~ —&  sTATIONARY VORTEX
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